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1 A  c hi l d ’ s  t oy  c ons i s t s  of  a  uni f or m  s ol i d c i r c ul a r  c one , of  ve r t i c a l  he i ght  3 r  a nd r a di us  r , a nd a  uni f or m  
s ol i d he m i s p he r e  of  r a di us  r . T he  c i r c ul a r  ba s e s  of  t he  c one  a nd t he  he m i s phe r e  a r e  j oi ne d t oge t he r  s o 
t ha t  t he y c oi nc i de . T he  c one  a nd t he  he m i s phe r e  a r e  m a d e  of  t he  s a m e  m a t e r i a l . 

 S how  t ha t  t he  c e nt r e  of  m a s s  of  t he  t oy i s  a t  a  di s t a nc e  10
27 r  f r om  t he  ve r t e x of  t he  c one .  [ 4]

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................

 ................................................................ ......................... ...........................................................................
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2 A  l i ght  e l a s t i c  s t r i ng ha s  na t ur a l  l e ngt h  a  a nd m odul us  of  e l a s t i c i t y 24 m g. O ne  e nd of  t he  s t r i ng i s  
a t t a c he d t o a  f i xe d poi nt  A . T he  ot he r  e n d of  t he  s t r i ng i s  a t t a c he d t o a  pa r t i c l e  of  m a s s  2 m . 

 (a) F i nd, i n t e r m s  of  a , t he  e xt e ns i on of  t he  s t r i ng w he n t he  pa r t i c l e  ha ngs  f r e e l y i n e qui l i br i um  
be l ow  A .  [ 2]

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 ............ ................................. .................................................................................................... ...........

 (b)  T he  pa r t i c l e  i s  r e l e a s e d f r om  r e s t  a t  A . 

  F i nd, i n  t e r m s  of  a , t he  di s t a n c e  of  t he  pa r t i c l e  be l ow  A  w he n  i t  f i r s t  c om e s  t o i ns t a nt a ne o us  r e s t .
 [ 6]

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................
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 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................
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3 A  pa r t i c l e  P  of  m a s s  m  kg f a l l s  f r om  r e s t  unde r  gr a vi t y . T he r e  i s  a  r e s i s t i ve  f or c e  of  m a gni t ude  m k v 2  N , 
w he r e  v  m  s −1 i s  t he  s pe e d of  P  a f t e r  i t  ha s  f a l l e n a  di s t a nc e  x  m  a nd k  i s  a  pos i t i ve  c ons t a nt . 

 (a)  B y s ol vi ng a n a ppr opr i a t e  di f f e r e nt i a l  e qua t i on , s h ow  t ha t  

     v 2  =  k
g

(1 – e–2k x  ) .  [ 7]

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........
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 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 I t  i s  now  gi ve n t ha t  k  = 0.01. The speed of P  w he n x  be c om e s  l a r ge  a ppr oa c he s  V  m  s –1 . 

 (b)  (i) F i nd V  correct to 2 decimal places.  [1]

 ........... ..................................... ....................................................................................................

 ........... ..................................... ....................................................................................................

 ........... ..................................... ....................................................................................................

 ........... ..................................... ....................................................................................................

  (ii) H e nc e  f i nd how  f a r  P  ha s  f a l l e n w he n i t s  s pe e d i s  2
1 V  m  s –1.  [ 2]

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................

 .... ....... .........................................................................................................................................
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4 

u
30°

A B

m 2m

 T w o uni f or m  s m oot h s phe r e s  A  a nd B  of  e qua l  r a di i  ha ve  m a s s e s  m  a nd 2 m  r e s pe c t i ve l y . S phe r e  B  i s  a t  
r e s t  on a  s m oot h hor i z ont a l  s ur f a c e . S ph e r e  A  i s  m ovi ng on t he  s ur f a c e  w i t h s pe e d u  a t  a n a ngl e  of  30°  
t o t he  l i ne  of  c e nt r e s  of  A  a n d  B  w he n i t  c ol l i de s  w i t h B  ( s e e  di a gr a m ) . T he  c oe f f i c i e nt  of  r e s t i t ut i on 
be t w e e n t he  s phe r e s  i s  e . 

 (a) S how  t ha t  t he  s pe e d of  B  a f t e r  t he  c o l l i s i on i s  6
3

u (1 + e )  a n d f i nd t he  s pe e d of  A  a f t e r  t he  c o l l i s i on.
   [ 6]

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................
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 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 (b)  G i ve n t ha t  e  =  3
1 , f i nd t he  l os s  of  ki ne t i c  e ne r gy a s  a  r e s ul t  of  t he  c ol l i s i o n.  [ 3]

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................
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5 A  pa r t i c l e  P  of  m a s s  m  i s  a t t a c he d t o one  e nd of  a  l i ght  i ne xt e ns i bl e  s t r i ng of  l e ngt h a . T he  ot he r  e nd of  
t he  s t r i ng i s  a t t a c he d t o a  f i xe d poi nt  O . 

 (a)

60°
O

P

a

ω

  T he  pa r t i c l e  P  m ove s  i n a  hor i z ont a l  c i r c l e  w i t h a  c ons t a nt  a ngul a r  s pe e d ω w i t h t he  s t r i ng i nc l i ne d 
a t  60°  t o t he  dow nw a r d ve r t i c a l  t hr ough O  ( s e e  di a gr a m ) . 

  S how  t h a t  ω2  =  a
g2

.  [ 4]

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................  

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................
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 (b) T he  pa r t i c l e  now  h a ngs  a t  r e s t  a  di s t a nc e  a  ve r t i c a l l y be l ow  O . I t  i s  t he n pr oj e c t e d hor i z ont a l l y s o t ha t  
i t  be gi ns  t o m ove  i n a  ve r t i c a l  c i r c l e  w i t h c e nt r e  O . W he n t he  s t r i ng m a ke s  a n a ngl e  of  60°  w i t h t he  

  dow nw a r d ve r t i c a l  t hr ough O , t he  a n gul a r  s pe e d of  P  i s  a
g2

. T he  s t r i ng f i r s t  goe s  s l a c k w h e n O P
  m a ke s  a n a ngl e  θ w i t h t he  upw a r d ve r t i c a l  t hr o ugh O . 

  F i nd t he  va l ue  of  c os  θ.  [ 6]

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........  

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........

 ............................................. .................................................................................................... ...........
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6 A  pa r t i c l e  P  i s  pr oj e c t e d w i t h s pe e d u  a t  a n a ngl e  α a bove  t he  hor i z ont a l  f r om  a  poi nt  O  on a  hor i z ont a l  
pl a ne  a nd m ove s  f r e e l y unde r  gr a vi t y . T he  hor i z ont a l  a nd ve r t i c a l  di s pl a c e m e nt s  of  P  f r om  O  a t  a  
s ubs e que nt  t i m e  t  a r e  de not e d by x  a nd y  r e s pe c t i ve l y . 

 (a) D e r i ve  t he  e qua t i on of  t he  t r a j e c t or y of  P  i n t he  f or m

     y  =  x  t a n  α – 
u
gx
2 2

2

 s e c 2  α.  [ 3]

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 (b)  T he  gr e a t e s t  he i ght  of  P  a bove  t he  pl a ne  i s  de not e d by H . W he n P  i s  a t  a  he i ght  of  4
3 H , i t  ha s  t r a ve l l e d 

  a  hor i z ont a l  di s t a nc e  d . 

  G i ve n t ha t  t a n  α =  2, f i nd, i n t e r m s  of  H , t he  t w o pos s i bl e  va l ue s  of  d .  [ 6]

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................

 ............................................. ...............................................................................................................
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 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................

 ............................................. ........... ....................................................................................................
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